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SIMMART 


The  etlffQeee  properties  of  a  nylOD-neoprena  fabric  aaterial  avd>- 
Jected  to  uniaxial,  biaxial,  or  ahaar  atraBsea  aa  obtained  froa  teata 
of  alaple  nodela  are  preaented.  The  atiffteaa  propertiea  are  aipl-1* 
cable  to  probleaa  involving  applied  loads  after  the  fabric  is  in  an 
initial  state  of  biaxial  tension  such  as  occurs  upon  inflation.  The 
results  deeonstrate  the  inadaq.uacy  of  tests  in  obtaining  the 

stiffness  properties  to  be  used  in  the  design  and  analysis  of  inflatao 
ble  fabric  structures.  In  order  to  obtain  proper  stiffness  values  for 
use  in  the  design  and  analysis  of  stressed  fabric  structures,  tests  of 
aleple  aodela  of  the  type  presented  herein,  subjected  to  stress  condi- 
tlons  siailar  to  those  anticipated  in  the  full>scmle  design,  are 
recoaswnded. 


DfniowcnoR 


Ejqjtandlble  structures  have  recently  received  considerable  atten¬ 
tion  in  the  design  of  space  vehicles,  principally  because  of  packaging 
requlreawnts  and  the  lov  loading  intensities  associated  with  space 
flight.  Such  structures  have  utilized  aany  aaterials  such  as  filas 
and  fiwbrics  expanded  by  foans  or  gases.  A  particular  fabric  construc¬ 
tion  vhxch  has  received  attention  Is  known  as  Alraat  and  was  developed 
by  the  Goodyear  Aircraft  Coxporation.  Contained  herein  are  the  results 
of  tests  perfoxaed  to  detemine  the  nateriad  properties  of  a  particular 
nylon-neoprene  Alraat  feM^.-lc  (aanufacturer's  designation  XA27A209)  which 
has  been  used  at  the  Lanaley  Research  Center  in  structural  studies  of 
Inflatable  structures.  (See  ref.  1.) 


TEST  SPECIMENS  AND  MBTHOi>  OF  TESTDiG 


The  Alraat  fabilc  used  for  thu  present  Investigation  consists  of 
two  material  surfaces  tiyd  together  witu  "drop"  yarns  that  provide  a 
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l>lnch  space  between  surfaces,  when  Inflated.  (See  fig.  1(a).)  Each 
surfrice  coMlsts  of  an  Inner  ply  of  nylon  Aiziaat  weave,  and  a  cover  ply 
of  plain  weave  coated  with  neoprene  to  contain  the  inflation  gas.  Other 
details  of  the  fslelc  are  given  In  table  I.  Both  the  Inner  and  cover 
ply  shown  In  figure  l(a)  contain  one  set  cf  yans  with  considerable 
crlq^  while  th  other  set  of  yams  is  sore  nearly  straight.  (See 
fig.  1(b).)  Ihe  Inner  and  cover  piys  are  orlmted  at  9^  to  each  other 
so  that  the  crisped  yams  of  one  ply  are  alined  with  the  nore  nearly 
stiralght  yams  of  the  renslnlng  ply.  Ibr  purposes  of  specifying  orien¬ 
tation  of  the  aaterlal,  the  directions  of  the  yams  of  the  heavier  inner 
ply  (fig.  1(b))  am  aq>loyed,  that  is,  the  dlmctlon  of  the  wazp  yams 
of  the  Inner  ply  Is  tensed  the  warp  direction  of  the  saterlal,  idiereas 
the  direction  transveTse  to  the  warp  dlmctlon  (that  of  the  M>m  nearly 
stralidit  yams  of  the  lunar  ply)  Is  temed  the  fill  dlmctlon. 

Three  types  of  speelnen  warn  tested.  One  ^pe  was  a  plain  strip 
of  the  fabric;  a  second  was  constructed  as  a  baaa  and  the  third,  as  a 
cylinder.  Oeneral  details  of  each  type  am  shown  In  flgum  2.  TLr 
cyllndsm  warn  aade  of  one  surface  of  the  Alxast  aaterlal  obtained  by 
severing  the  drop  yams  so  that  approxiaately  l/2  Inch  of  length  of  the 
drop  yams  rasalned  with  the  surface  aaterlal.  The  surface  aaterlal 
was  then  fabricated  Into  cylindrical  fom  by  splicing  the  two  opposite 
sides  of  the  surface  together  as  shown  In  figure  2(e).  The  strip  and 
beaa  speclaens  contained  an  extra-heavy  coating  cf  neoprene  as  iivldenced 
by  the  cosparlsons  of  the  weight  per  unit  surface  area  shewn  in  flgum  2. 
The  weights  per  unit  surface  area  am  based  on  the  total  surface  area 
excluding  the  mds  of  the  speclaens.  Two  speclaens  of  each  type  wem 
tested,  one  with  the  warp  yams  and  one  with  the  fill  yams  oriented  In 
the  longitudinal  direction  of  the  epeciaen. 

The  etrlp  epeclaene  wem  eub^ected  to  tmelle  loads  with  dead¬ 
weights  (inner  surfaces  adjacent  during  test  mther  than  with  extended 
drop  yams  indicated  in  fig.  2).  The  beaas  wem  Inflated  with  air  and 
subjected  to  end  bending  aoaents  or  longitudinal  textsile  loads  as  shown 
in  flgums  3  and  4.  The  cyllndem  wem  pmsturlzed  with  air  and  sub¬ 
jected  to  tomlon  as  shown  In  flgum  3. 

Strains  on  the  strip  and  beaa  speclaens  warn  aeasured  with 
l^lckeman  optical  strain  gages  ol  1-  or  2- inch  gage  length.  Longitu¬ 
dinal  and  transveme  strains  wem  obtained  at  the  center  of  each  cover 
surface.  One  of  the  cbaracterlatics  of  woven  aaterlals  is  that  the 
strain  under  load  Is  tla^- dependent.  Flgum  6  deaonstmtes  the  varia¬ 
tion  of  strain  with  tiae  for  a  strip  of  the  aaterial  subjected  to  a 
constant  uniaxial  loading  of  9  Ib/ln.  in  the  warp  dlmctlon.  Also 
shown  in  this  figure  is  the  time  dependency  of  the  strain  when  the 
load  is  reooved.  It  is  appsurent  froa  the  results  of  figure  6  that 
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careful  tlalng  Is  required  to  obtain  useful  strain  data  from  test 
specimens. 

Ibr  the  strip  and  beam  specimens,  the  strain  measuroeents  obtained 
at  each  load  it  ;remeot  vere  read  after  sufficient  time  had  elapsed 
(approximately  3  minutes)  for  the  strain  not  to  be  changing  rapidly 
vlth  time.  Loads  vere  ^^Ued  progressively  vithout  unloading  until 
maximum  load  vas  reached. 

Ihe  tvlst  of  the  head  at  the  loaded  end  of  the  cylinders  vas  meas- 
tired  by  using  an  Indicating  aim  attached  to  the  head  and  a  x  .xitractor 
of  l^lnch  radius  mounted  to  the  supporting  frame.  In  order  to  prevent 
large  lateral  displacea»nts  of  the  axis  of  the  cylinders,  the  loading 
head  contained  a  pin  which  extended  through  a  loosely  fitting  hole  in 
the  stpportlng  frame  shove  in  figure  Twist  measurements  were 
obtained  by  using  the  seme  loading  and  timing  procedure  as  described 
for  the  strips  and  beams.  Pressures  were  measured  with  a  standard 
^ssure  gage  and  all  teots  were  performed  at  room  temperature 
(approximately  80P  F) . 


RESULTS 


Strip  Tests 

Figure  7  shows  the  stress-strain  charJicteristicB  of  the  fabric  for 
uniaxial  load  in  the  warp  or  fill  direction.  The  data  shown  by  the 
square  test-point  symbols  pertain  to  strips  of  the  spliced  fabric  and 
are  discussed  In  the  subsequent  section  on  beam  specimens.  The  data 
shown  by  the  solid  curves  faired  through  the  circular  symbols  are  the 
results  obtained  for  increasing  load  on  the  strip  specimms  while  the 
dashed  curves  through  the  circular  eyabols  show  the  results  for 
unloading.  Also  indicated  in  figure  7  !•  the  value  of  Poisson's  ratio, 
obtained  from  the  ratio  of  the  transverse  strain  to  longitudinal  strain 
at  the  various  stress  levels,  for  increasing  load  and  for  decreasing 
load.  The  uniaxial  results  shown  in  figure  7  indicate  that  fcr  the 
stress  levels  included  herein,  the  stress-strain  relationship  is  essen¬ 
tially  linear  Tor  Increasing  load  or  strain  except  for  U>e  time- 
dependency  effects  discussed  previously. 


£et>as  Subjected  to  Pressure  and  Bending  Moments  or  Tensile  Lc»ds 

Table  II  shows  the  sectional  properties  usea  In  deteriainlng  the 
load  per  inch  of  width  of  the  beam  covers.  The  sectional  propertieb 
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vere  evaluated  txom  the  aacuaed  cxoee  section  which  closely  anproxlBated 
the  actual  cross  section  as  Indicated  hy  the  sketch  accosqpauying 
table  n.  for  the  calculations  the  effective  thickness  of  the  skin  In 
the  splice  region  was  Increased  over  that  In  the  luispllced  region  In 
direct  proportion  to  the  Increased  stiffness  of  the  spliced  region  of 
the  actual  bene  over  that  of  the  unspllced  region  as  detenslned  froB 
uniaxial  tension  tests.  The  square  test-point  hyaihols  on  figure  7 
show  the  results  of  uniaxial  tension  tests  obtained  froB  the  spliced 
portion  of  the  besas  which  were  cut  froB  the  beaas  after  the  Bidn 
progriB  of  tests  vere  completed.  The  splice  speciaens  vere  2.36  Inches 
In  width  by  12  laches  In  length  and  Included  the  besa  fabric,  splice 
fabric,  and  the  adhesive  aaterlal.  for  the  curves  ftr  Increasing  load 
(fig.  7)>  the  extenslonal  stiffness  In  the  warp  dlrituilon  for  the 
fabrlc-^us-spUce  strip  Is  1.2V  tines  that  for  the  fabric  alone.  In 
the  fill  direction,  the  sane  splice  aaterlal  contributes  Bcr>%  substan¬ 
tially  to  the  extenslonal  stiffness  (fill  count  Is  less  thK*.  'oxp  count) 
and  thuo  the  corresponding  value  Is  1.V6.  Therefore,  iOr  the  besBS 
assisKd  In  the  calculations,  the  effective  thickness  of  the  edge  region 
was  taken  as  1.2V  tlaes  that  of  the  ranalnder  of  the  bean  for  the  besB 
with  the  warp  in  toe  longitudinal  direction,  while  the  slailar  value  for 
the  beaB  with  the  fill  In  the  longitudinal  direction  was  1.V6. 

figure  8  shows  a  typical  set  of  results  for  the  besB  spaciasns. 

The  results  shown  are  for  the  Inflation  pressure  of  1!^  pslg  and  bending 
or  tension.  The  curves  labeled  "due  to  pressure**  show  the  longitudinal 
and  transverse  strain  obtained  for  values  of  the  longitudinal  load  per 
Inch  of  width  as  the  bean  was  Inflated  to  1?  pslg  Internal  pressure. 

The  pressure  then  was  aaintalned  constant  and  bending  noBsrt  was  Intro¬ 
duced,  and  the  resulting  longitudinal  strains  are  given  by  the  cpen 
circular  syabols  (darkened  sysbolx  Indlcave  transverse  strains)  for  the 
’’tension"  cover  of  the  besa  and  by  the  square  syBbols  for  the  "coapression" 
cover  ("tension"  end  "coBpresslon"  refer  to  the  cagponents  of  the  strain 
due  tc  bending). 

The  data  shown  by  the  triangular  syabols  In  figure  8  were  obtained 
froB  the  ssBe  beaB  used  In  the  bending  tests  at  the  saae  pressure,  but 
the  besB  was  subjected  to  direct  tensile  loads  as  shown  In  figure  V. 

The  syaibols  show  the  average  of  the  strains  Bsasured  on  opposite  sides 
of  the  speclaen.  A  ooaparlson  of  the  results  obtained  from  the  toelle 
tests  with  the  traslle  data  froB  the  bending  tests,  tends  to  lend  con¬ 
fidence  to  the  aethod  of  accounting  for  the  splice  aaterlal,  since  the 
stress  distribution  In  the  splices  differs  considerably  for  the  two  cases. 

A  significant  observation  ^paroit  In  the  data  atom  in  figure  8 
is  the  essentially  linear  nature  of  the  stress- strain  relationship  for 
the  fabric  due  to  applied  aoaents  when  the  fabric  is  in  an  itatlal  state 
of  tension  due  to  internal  pressure.  Ouch  near- linearity  indicates  the 
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vere  evaluated  fron  tbe  aasunied  cross  section  vblch  closely  spproxiaated 
the  actusl  cross  section  as  indicated  hy  the  sketch  accoasMoylng 
table  II.  For  the  calculations  the  effective  thickness  of  the  skin  in 
the  splice  i^ion  vas  Increased  over  that  in  the  unspllced  region  in 
direct  proportion  to  the  Increased  stiffness  of  the  spliced  region  of 
the  actual  beaab  over  that  of  the  unspliced  region  as  detendned  fro« 
uniaxial  tension  tests.  The  square  test-point  symbols  on  figure  7 
show  the  results  of  imlaxlal  tension  tests  obtained  fros  the  spliced 
portion  of  the  besas  which  were  cut  frost  the  besM  after  the  aaln 
progrui  of  tests  were  coapleted.  The  splice  speclaens  were  2.^  Inches 
In  width  by  12  laches  In  length  sad  included  the  bean  fabric,  splice 
fabric,  end  the  adhesive  aaterlal.  For  the  curves  fcr  Increasing  load 
(fig.  7)>  the  eztenslonal  stiffness  In  the  warp  dimutlon  for  the 
fabric-plus- splice  strip  Is  1.24  tlaes  that  for  the  fabric  alone.  In 
the  fill  direction,  the  sane  splice  aaterlal  contributes  substan¬ 
tially  to  the  extenslonal  stiffness  (fill  cotint  Is  less  thar.  'uxp  count} 
and  thuo  the  corresponding  value  is  1.46.  Therefore,  for  the  besas 
assuaed  in  the  calculations,  the  effective  thickness  of  the  edge  region 
was  taken  as  1.24  tlaes  that  of  the  reaalnder  of  the  beam  for  the  beat 
with  the  warp  in  the  longitudinal  direction,  while  the  slallar  value  for 
the  beam  with  the  fill  In  the  longitudinal  direction  vas  1.46. 

Figure  8  shows  a  typical  set  of  results  for  the  besa  speclasns. 

The  results  shown  are  for  the  Inriatlon  pressure  of  1$  pslg  and  bending 
or  tension.  The  curves  labeled  "due  to  pressure”  show  the  longitudinal 
and  transverse  strain  obtained  for  values  of  the  longitudinal  load  per 
Inch  of  width  as  the  bean  was  Inflated  to  I?  pslg  Internal  pressure. 

The  press\ire  then  was  mlntained  constant  and  bending  BCSM8r.t  was  intro¬ 
duced,  and  the  resulting  longitudinal  strains  are  given  by  the  open 
circular  synbols  (daiiuned  sysbolx  Indicate  transverse  strains)  for  the 
"tension"  cover  of  the  bessi  and  by  the  square  symbols  for  the  "cuapression" 
cover  ("tension"  end  "coapresslon"  refer  to  the  ccaponwxts  of  the  strain 
due  tc  bending). 

Tbe  data  shown  by  tbe  triangular  syabola  in  figure  8  were  obtsdned 
frost  the  sane  bean  used  In  the  bending  testa  at  tbe  sane  pressure,  but 
the  been  was  subjected  to  direct  tensile  loads  as  shown  In  figure  4. 

The  synbols  show  the  average  of  the  strains  naasured  on  on»slte  sides 
of  the  speclaen.  A  coaparlson  of  tbe  results  obtained  fron  the  tensile 
tests  with  tbe  t«i8ile  data  fron  the  bending  tests,  tends  to  lend  <x>n- 
fldence  to  the  nethod  of  accounting  for  the  splice  aaterlal,  since  the 
stress  distribution  In  the  splices  differs  considerably  for  thu  two  cases. 

A  significant  ooservation  in  the  data  shown  In  figure  8 

is  the  essentially  linear  nature  of  the  stress- strain  relationship  for 
the  fabric  due  to  applied  nonents  when  the  fabric  Is  in  an  initial  state 
of  tension  due  to  internal  pressure.  Ikich  near- linearity  indicates  the 
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possibility  of  defining  neanlngful  elastic  constants  vhlch  vould  be 
useful  In  tbe  analysis  of  the  behavior  of  a  fabric  structure  as  a  result 
of  load  application  after  the  structure  has  been  Inflated.  Data  slailar 
to  that  shown  in  figure  8  were  obtained  for  other  pressures,  and  the 
longitudinal  stiffnesses  were  obtained  trcm  the  slopes  of  the  lines 
faired  throuid^  -he  data  for  the  longitudinal  strains  for  the  tension 
and  cosqpresslon  sides  of  the  beans  after  pressurization.  The  resu^.vs 
are  shown  In  figure  9  for  values  of  the  transverse  stress  due  to  pres¬ 
sure  for  the  various  pressures  investigated.  The  average  values  of 
Folsnon's  ratio  corresponding  to  the  transverse  stress  are  also  shown 
In  figure  9*  As  Indicated  In  figure  7  and  by  the  transverse  and 
longitudinal  strain  data  of  figure  8,  the  value  of  Poisson's  ratio 
varies  soaewhat  with  stress  level.  Consequently,  the  values  shown 
In  figure  9  are  the  aveiage  of  the  values  cbtalned  for  Increasing 
load  Increaents  at  a  given  pressure. 


Qyllnders  Subjected  to  Pressure  and  'forsion 

Figure  10  shows  the  torque-twist  results  obtained  with  the  cylinders 
for  values  of  the  longitudinal  stress  at  the  various  pressure  levels. 

Ftor  snail  values  of  twist,  the  shear  stiffness  is  approxlaately  100  Ib/in. 
for  both  cylinders  at  all  values  of  the  pressure  stresses  tested.  (The 
shear  s' Iffness  was  evaluated  froa  eleaentary  torsion  theory  with  the 
effect  of  the  splice  aaterial  neglected.)  The  stiffness  falls  off  as 
the  torque  or  twist  Increases  and,  as  Indicated  In  the  figure,  the 
shear  stiffness  Is  then  dependent  upon  the  pressure  stress  and  the 
stress  ratio  as  evidenced  by  the  difference  In  the  restilts  obtaliad 
for  the  two  cylinders.  There  was  no  buckling  evident  on  the  cylinders 
for  the  range  Included  In  figure  10. 


DISCUS8I0H 


It  Is  evident  from  figure  9  that  the  presence  of  ratl^r  sntU 
transverse  stresses  contributes  significantly  to  tbe  extenslonal  stiff¬ 
ness  of  the  material  over  that  obtains d  for  unlaxlaJ.  stxasses. 

At  stresses  above  2  Ib/in.  in  tbe  fill  direction,  tbe  extenslonal  stiff¬ 
ness  in  tbe  warp  direction  is  reasonably  coistant.  Similarly,  the  stiff¬ 
ness  in  tbe  fill  direction  does  not  change  appreciably  when  the  stress  in 
tl»  warp  direction  lb  above  1  Ib/ln.  The  conpresslve  stiffness  <n  the 
warp  direction  Is  considerably  less  than  the  extenslonal  stiffness  in 
the  warp  direction,  whereas  the  ccopressive  stiffness  in  the  flU  direc¬ 
tion  is  approximately  tbe  sasm  as  tbe  extenslonal  stiffness  In  tbe  fill 
direction.  Such  behavior  appears  reasonable  since  the  fill  yams  are 
more  nearly  straight  tha.j  the  warp  yams  and,  consequently,  tbe  fill 
yams  are  In  a  mare  favorable  position  to  support  ccsspressive  loads. 
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presented.  The  stiffness  properties  are  applicable  to  problems 
involving  applied  loads  after  the  fabric  Is  In  an  Initial  state  of 
biaxial  tension  such  as  occurs  upon  Inflation.  The  results  demon¬ 
strate  the  Inadequacy  of  uniaxial  tests  In  obtaining  stiffness  prop¬ 
erties  to  be  use-i  for  fabric  materials  subjected  to  biaxial  stress 
conditions.  In  order  to  obtain  proper  stlffhess  values  for  use  In 
the  design  amd  analyst  5  of  stressed  fabric  stnictures,  tests  of 
slag>le  models  of  the  type  Included  herein^  subjected  to  stress  con¬ 
ditions  similar  to  those  anticipated  In  the  full-scale  design,  are 
recoiBk.snded. 


Langley  Research  Center, 

National  Aeronautics  and  Space  Aumlnistratlon, 
Langley  Field,  Va. ,  March  24,  196I. 
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TABIZ  I.-  DLTAiLS  OF  FABRIX  MATERIAL* 


Item 

Inner  pjy^ 

Cover  plyc 

Yam  material 

Nylon 

Nylon 

Weave 

Aimat 

Plain 

Weight,  oz/sq  yd  of  surface  area 

'+.33 

2.05 

Warp  count,  end«/in. 

82 

105 

Fill  coxuit,  ends/in. 

47 

9S 

Dro]>-yani  count,  ende/sq  in. 

88 

^Goodyear  Aircraft  Corporation  XA27A209. 
^Goodyear  Aircraft  Corporation  6877. 
^Goodyear  Aircraft  Corporation 
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Figure  1.-  Ottaila  of  Aixmt  type  of  eonatructlon. 
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sq  ft 
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Figure  2.-  Details  of  test  specineiis.  AJl  alneiisioiis'  are  In  injhe;.. 
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(b)  71U  loi«itudlnaI. 

Figure  7.«  Uniudad  sireea-stntln  eharacterletlci  and  values  of  Poleeoa'e 
ratio  of  strip  spaclasns  for  lov  loads. 
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(b)  Till  loogitudinal. 

figure  8,-  Topical  stress-strain  results  for  beaas  with  inflation 
sure  of  l^i  pslg  and  bending  or  tension. 
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Figure  aO.-  ^x^ue  plotted  against  fcvlst  for  pressurUed  cylinders. 
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